Objectives: The aim of this study was to evaluate the incidence of coracoclavicular joint in the Greek population, review the clinical significance for the orthopaedic surgeon and investigate differences between genders, sides and age that may contribute to a better understanding of the accessory joint development.
Introduction
The coracoclavicular syndesmosis consists of two separate ligaments, the trapezoid and the conoid ligaments. Close to the posterior border of the clavicle, at the junction of the lateral fourth with the rest of the bone, there is a prominent conoid tubercle which gives origin to the conoid part of the coracoclavicular ligament. The trapezoid ligament originates from the oblique or trapezoid ridge which starts from the conoid tubercle and runs anteriorly and laterally. Both ligaments insert on the coracoid process, with the trapezoid ligament being anteriorly and the conoid posteriorly. [1] The conoid tubercle of the clavicle may be enlogated, having a wide ending which is usually an articular surface that articulates with a corresponding articular surface on the footprint of the conoid ligament on the coracoid process. The synovial joint that may be found between those two surfaces is an accessory joint, named the coracoclavicular joint. [2, 3] Several articles have been published on the frequency of the coracoclavicular joint and the geographical distribution of this anatomical variation is interesting. [2] [3] [4] [5] [6] However, the literature is scarce in studies which analyze the potential effect of the characteristics of the Coracoclavicular joint: clinical significance and correlation to gender, side and age sample on the coracoclavicular joint presence. Moreover, there is an ongoing debate in the literature about whether it is hereditary, [4] or an acquired characteristic. [5] It is well-known that shoulder pain is multifactorial. Several pathologies, such as inflammation, degenerative changes, trauma and entrapment neuropathies which are located in different regions around the shoulder might be presented with shoulder pain as the main complaint. Although the presence of the coracoclavicular joint is usually asymptomatic, it has been associated with shoulder pain due to degenerative changes and alterations in shoulder biomechanics. Thus, orthopaedic surgeons should bear in mind this accessory joint since its incidence is not rare and also it can be identified in an anteroposterior shoulder radiograph.
The purpose of the present study was to evaluate the incidence of coracoclavicular joint in the Greek population, review its clinical significance for the orthopaedic surgeons and also to examine for differences between genders, sides and age that may contribute to a better understanding of the accessory joint development.
Materials and Methods
The study was performed in the scapulae and claviculae of 140 dried skeletons (280 pairs of scapulae and claviculae) taken from a local ossuary. After exclusion of bones with evidence of fracture, postmortem damage, or arthritis, the sample of the study consisted of 216 pairs of scapulae and claviculae (110 right and 106 left), which belonged to 127 individuals (66 females and 61 males). When a scapula or a clavicle was damaged, then both bones of that side were excluded. The donors' mean age was 68.5±10.72 years (range: 46-96 years).
Regarding the age of death, the study sample was divided into three age groups. The first group consisted of 55 pairs of specimens aged 46-60 years, the second group consisted of 82 pairs of specimens aged 61-75 years and the third one consisted of 79 pairs of subjects aged over 75 years.
The presence of the coracoclavicular joint was documented by inspecting the occurrence of a definite articular facet on the conoid tubercle of the clavicle and also on the superomedial surface of the coracoid process of the scapula. Those criteria were based on previous osteological studies. [5, 7] Pearson's chi-square test was used to investigate differences between the two genders, sides and age of the specimens. A p-value of <0.05 was considered statistically significant. All analyses were conducted using SPSS 19.0 software (SPSS Inc, Chicago, IL, USA).
Results
The coracoclavicular articular facets were bilaterally present in four and unilaterally in six individuals (Figure 1) . Thus, a coracoclavicular joint was considered to be present in 14 out of the 216 bone pairs examined (6.5%). Seven coracoclavicular joint surfaces were present on the right and seven on the left side (p=0.943), while the male to female ratio was 8:6 (p=0.509).
As for the age groups, the coracoclavicular joint surfaces were found significantly more frequent in the elderly age group (p=0.002). Namely, no bones from the youngest age group (45-60 years old) demonstrated a coracoclavicular joint surface, whereas three bones from the median age group (61-75 years old) and 11 from the oldest age group (76+ years old) presented those accessory joint surfaces. These findings are summarized in Table 1 .
Discussion
The first description of coracoclavicular joint was made by Gruber, in 1861. [8] According to Mann and Hunt [9] ,
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Totlis T et al. the frequency of this anatomical variation is 1-1.2%. However, Cockshott [4] reported that the coracoclavicular joint originated in Central Asia many years ago, where the incidence was up to 40.7% demonstrating a gradual decrease as we move away from that region. In Greece, we found the coracoclavicular joint surfaces in 6.5%, whereas in two osteological studies which were carried out in Southern Europe, the incidence of this accessory joint was reported as 0.3% and 2.8%, respectively. [7, 10] Based on the geographic distribution of the coracoclavicular joint, Cockshott argued that there is an autosomal dominant pattern of inheritance. [4] Actually, the development of the coracoclavicular joint has been a controversial issue in the literature. Kaur and Jit [11] and Pillay [12] supported that the joint may develop more by genetics than by environmental factors or congenital abnormalities. On the other hand, Lane [13] proposed that it is an acquired characteristic, resulting from occupational stress. Kaur and Jit [11] suggested that the coracoclavicular joint appears after the first decade. Nalla and Asvat [6] reported that this joint results from larger scapulae and longer claviculae coupling with a normal-sized thoracic inlet, which may restrict associated movements of the scapula. The findings of Cho and Kang, [5] study are in accordance with the present study where the coracoclavicular joint surfaces were significantly more common in the oldest age group. The existence of the coracoclavicular joint facets has been more frequently in males than females, but no study reported any significant difference. [2, 14] In the present study, the accessory joint surfaces were more frequently found in males than females (8:6), without any statistical significance as well. Nalla and Asvat found the coracoclavicular articular facets bilaterally in 47.9% and unilaterally in 30.4% of specimens. [6] The relative percentages of Olotu et al.
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were 11% bilateral and 89% unilateral. [3] In the osteological study of Nehme et al., the coracoclavicular joint was equally found bilaterally and unilaterally, while in the radiological study of the same authors, the joint was bilaterally present in 40% and unilaterally in 60% of specimens. [14] We observed the coracoclavicular joint facets in ten individuals, four bilateral and six unilateral. According to the majority of the literature, the coracoclavicular joint is more often located in the right side, [2, 3, 5, 14] while Nalla and Asvat found a higher incidence in the left side. [9] In our study, both sides presented the same prevalence of coracoclavicular joint surfaces.
Although a large conoid process of the clavicle usually articulates with the coracoid process of the scapula, in our series one clavicle was found to have an elongated conoid process with a rough and slightly sharp tip, but without any joint surface. In this case, there was no articular facet on the coracoid process of the ipsilateral scapula. Furthermore, raised bony lips around the insertion of the conoid ligament were found in eight clavicles without any sign of neoarthrosis in the corresponding scapula. Raised bony lips were also found around the insertion of the coracoclavicular ligaments on the coracoid processes of four scapulae without any sign of a coracoclavicular joint on the clavicle. A bony crest or lip can also be caused by a thickened and strong ligament. Thus, we believe that the raised bony lips only on one side of those 12 bones were caused by calcifications of the coracoclavicular ligaments, and therefore they were not considered as a coracoclavicular joint.
The articular facet of the coracoclavicular joint has been recognized in plain radiographs. [14] [15] [16] CT scans may also reveal this joint. [15, 16] Although the presence of the joint is usually asymptomatic, occasionally it may be related with various clinical manifestations of the region. In particular, it has been associated with a humeral head fracture, [17] shoulder pain, [18] cervicobrachial syndrome [19] and thoracic outlet syndrome. [20] Wertheimer [18] and Hall [21] supported that the presence of this accessory joint may alter the biomechanics of the shoulder since it probably decreases the shoulder mobility. [18, 21] Coracoclavicular joint arthritis may be accompanied by pain in the shoulder with reflection in the neck, arm and chest. [22] Moreover, this joint might be responsible for degenerative changes on neighboring joints. [2] The coracoclavicular joint may be recognized in an anteroposterior radiograph of the shoulder. CT scans may also reveal and confirm the presence of the joint. In cases with residual symptoms, surgical resection of the accessory joint might be necessary. [20, 23, 24] The limitation of the present study is that, as any osteologic study, [5, 14] joint can only be assumed by findings of the joint surfaces on the clavicle and the coracoid process. The existence of a true synovial joint can only be confirmed in cadaveric studies.
Conclusion
The findings of the present study favor that the coracoclavicular joint could be the result of degenerative changes. From a clinical point of view, this accessory joint may be incidentally noticed in a plain radiograph in asymptomatic patients, but it has been also associated with various clinical manifestations of the shoulder region.
